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DEVICE AND METHOD FOR SCREENING 
LIQUID TONERS AND RECEPTORS FOR 

USE WITH LIQUID TONERS IN 
ELECTROPHOTOGRAPHY 

FIELD OF THE INVENTION 

This invention relates to the ?eld of liquid 
electrophotography, and speci?cally to a method and appa 
ratus for screening liquid toners and receptors for use in 
electrophotographic printing devices. 

BACKGROUND OF THE ART 

In electrophotographic and electrostatic and imaging pro 
cesses (collectively electrographic processes), an electro 
static image is formed on the surface of a photoreceptive 
element or dielectric element, respectively. The photorecep 
tive element or dielectric element may be an intermediate 
transfer sheet, drum or belt or the substrate for the ?nal toned 
image itself, as described by Schmidt, S. P. and Larson, J. R. 
in Handbook of Imaging Materials, Diamond, A. S., Ed: 
Marcel Dekker: NeW York; Chapter 6, pp 227—252, and US. 
Pat. Nos. 4,728,983; 4,321,404; and 4,268,598. 

In electrostatic printing, a latent image is typically formed 
by (1) placing a charge image onto a dielectric element 
(typically the receiving substrate) in selected areas of the 
element With an electrostatic Writing stylus or its equivalent 
to form a latent charge image. This latent charge image is 
developed or toned by (2) applying toner to the charge 
image, and (3) ?xing the toned image. An example of this 
type of process is described in US. Pat. No. 5,262,259. 

In electrophotographic printing, also referred to as 
xerography, electrophotographic technology is used to pro 
duce images on a ?nal image receptor, such as paper, ?lm, 
drums, or the like. Electrophotographic technology is incor 
porated into a Wide range of equipment including 
photocopiers, laser printers, facsimile machines, and the 
like. 

Electrophotography typically involves the use of a 
reusable, light sensitive, temporary charge accepting, tem 
porary image receptor, knoWn as a photoreceptor. The 
photoreceptor is used in the process of producing an elec 
trophotographic image on a ?nal, permanent image receptor. 
A representative electrophotographic process involves a 
series of steps to produce a visible toned image on a 
receptor, including charging of the photoreceptor, exposure 
to dissipate the charge in an imageWise manner and form a 
latent charge image, toner development of the latent charge 
image, transfer of the toned image, fusing of the transferred 
toned image, cleaning of the photoreceptor, and erasure of 
residual charge on the photoreceptor. 

In the charging step, a photoreceptor is covered With 
charge of a desired polarity, either negative or positive, 
typically With a corona device or charging roller. In the 
exposure step, an optical system, typically a laser scanner or 
diode array, forms a latent charge image by selectively 
discharging the charged surface of the photoreceptor in an 
imageWise manner corresponding to the desired image to be 
formed on the ?nal image receptor. In the development step, 
toner particles of the appropriate polarity are generally 
brought into contact With the latent charge image on the 
photoreceptor, typically using a developer that is 
electrically-biased to a potential opposite in polarity to the 
toner polarity. The toner particles migrate to the photore 
ceptor and selectively adhere to the latent charge image via 
electrostatic forces, forming a temporary toned image on the 
photoreceptor. 
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2 
In the transfer step, the temporary toned image is trans 

ferred from the photoreceptor to the desired ?nal image 
receptor. An intermediate transfer element is sometimes 
used to effect transfer of the toned image (usually to accom 
plish a desired order of color planes in the image) from the 
photoreceptor With subsequent transfer of the toned image to 
a ?nal image receptor. In the fusing step, the toned image on 
the ?nal image receptor is heated to soften or melt the toner 
particles, thereby fusing the toned image to the ?nal receptor 
to form a ?nal and permanent image. An alternative fusing 
method involves ?xing the toner to the ?nal receptor under 
high pressure With or Without heat. In the cleaning step, 
residual toner remaining on the photoreceptor is removed. 

Finally, in the erasing step, the photoreceptor charge is 
reduced to a substantially uniformly loW value by exposure 
to light of a particular Wavelength band, thereby removing 
remnants of the original latent image and preparing the 
photoreceptor for the next imaging cycle. 
TWo types of toner are in Widespread, commercial use: 

liquid toner and dry toner. The term “dry” does not mean that 
the dry toner is totally free of any liquid constituents, but 
connotes that the toner particles do not contain any signi? 
cant amount of solvent (or gives the toner a liquid 
appearance), e.g., typically less than 10 Weight percent 
solvent and preferably less then 8% or less then 5% by total 
Weight of toner (generally, dry toner is as dry as is reason 
ably practical in terms of solvent content), and the dry toner 
particles are capable of carrying a triboelectric charge. This 
relative proportion of liquid carrier is a physical character 
istic that distinguishes dry toner particles from liquid toner 
particles. 
A typical liquid toner composition generally includes 

toner particles suspended or dispersed in a liquid carrier. The 
liquid carrier is typically a nonconductive dispersant liquid, 
the lack of charge carrying capability being necessary to 
avoid discharging the latent electrostatic image. Liquid toner 
particles are generally solvated or stabiliZed (dispersed and 
suspended) to some degree in the liquid carrier (or carrier 
liquid), typically in more than 50 Weight percent (by total 
Weight of the toner) of a loW polarity, loW dielectric 
constant, substantially nonaqueous carrier solvent. Liquid 
toner particles are generally chemically charged using polar 
groups that dissociate in the carrier solvent, but the toner 
particles do not carry a triboelectric charge While solvated 
and/or dispersed in the liquid carrier. Liquid toner particles 
are also typically smaller than dry toner particles. Because 
of their small particle siZe, ranging from about 5 microns to 
sub-micron siZe, liquid toners are capable of producing very 
high-resolution toned images. 
A typical toner particle for a liquid toner composition 

generally comprises a visual enhancement additive (for 
example, a colored pigment particle) and a polymeric binder. 
The polymeric binder ful?lls functions both during and after 
the electrophotographic process, supporting the visual 
enhancement additive during toning and fusing the visual 
enhancement additive during formation of the permanent 
image. With respect to processability, the character of the 
binder impacts charging and charge stability, ?oW, and 
fusing characteristics of the toner particles. These charac 
teristics are important to achieve good performance during 
development, transfer, and fusing. After an image is formed 
on the ?nal receptor, the nature of the binder (e.g., glass 
transition temperature, melt viscosity, molecular Weight) 
and the fusing conditions (e.g., temperature, pressure and 
fuser con?guration) impact the durability (e.g., blocking and 
erasure resistance), adhesion to the receptor, gloss, and the 
like. 
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Polymeric binder materials suitable for use in liquid toner 
particles typically exhibit glass transition temperatures of 
from about —24° C. to 55° C., Which is loWer than the range 
of glass transition temperatures (50—100° C.) typical for 
polymeric binders used in dry toner particles. In particular, 
some liquid toners are knoWn to incorporate polymeric 
binders exhibiting glass transition temperatures (Tg) beloW 
room temperature (25° C.) to rapidly self ?x, e.g., by ?lm 
formation, in the liquid electrophotographic imaging pro 
cess; see e.g., U.S. Pat. No. 6,255,363. HoWever, such liquid 
toners arc also knoWn to exhibit inferior image durability 
(e. g., poor blocking properties and erasure resistance) result 
ing from the loW Tg after fusing the toned image to a ?nal 
image receptor. 

In other printing processes using liquid toners, self-?xing 
is not required. In such a system, the image developed on the 
photoconductive surface is transferred to an intermediate 
transfer belt (“ITB”) or intermediate transfer member 
(“ITM”) or directly to a print medium Without ?lm forma 
tion at this stage. See, for example, U.S. Pat. No. 5,410,392 
to Landa, issued on Apr. 25, 1995; and US. Pat. No. 
5,115,277 to Camis, issued on May 19, 1992. In such a 
system, this transfer of discrete toner particles in image form 
is carried out using a combination of mechanical forces, 
electrostatic forces, and thermal energy. In the system par 
ticularly described in the Us. Pat. No. 5,115,277 Camis 
patent, DC bias voltage is connected to an inner sleeve 
member to develop electrostatic forces at the surface of the 
print medium for assisting in the ef?cient transfer of color 
images. 

The toner particles used in such a system have been 
previously prepared using conventional polymeric binder 
materials, and not polymers made using an organosol pro 
cess. Thus, for example the US. Pat. No. 5,410,392 Landa 
patent states that the liquid developer to be used in the 
disclosed system is described in Us. Pat. No. 4,794,651 
(also to Landa), issued on Dec. 27, 1988. This former Landa 
patent discloses liquid toners made by heating a preformed 
high Tg polymer resin in a carrier liquid to an elevated 
temperature suf?ciently high for the carrier liquid to soften 
or plasticiZe the resin, adding a pigment, and exposing the 
resulting high temperature dispersion to a high energy 
mixing or milling process. 

Although such non self-?xing liquid toners using higher 
Tg (Tg generally greater than or equal to about 60° C.) 
polymeric binders should have good image durability, such 
toners are knoWn to exhibit other problems related to the 
choice of polymeric binder, including image defects due to 
the inability of the liquid toner to rapidly self ?x in the 
imaging process, poor charging and charge stability, poor 
stability With respect to agglomeration or aggregation in 
storage, poor sedimentation stability in storage, and the 
requirement that high fusing temperatures of about 
200—250° C. be used in order to soften or melt the toner 
particles and thereby adequately fuse the toner to the ?nal 
image receptor. 

To overcome the durability de?ciencies, polymeric mate 
rials selected for use in both non?lm-forming liquid toners 
and dry toners more typically exhibit a range of Tg of at least 
about 55—65° C. to obtain good blocking resistance after 
fusing, yet typically require high fusing temperatures of 
about 200—250° C. to soften or melt the toner particles and 
thereby adequately fuse the toner to the ?nal image receptor. 
High fusing temperatures are a disadvantage for dry toners 
because of the long Warm-up time and higher energy con 
sumption associated With high temperature fusing and 
because of the risk of ?re associated With fusing toner to 
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4 
paper at temperatures approximating or approaching the 
autoignition temperature of paper (2330 C). 

In addition, some liquid and dry toners using high Tg 
polymeric binders are knoWn to exhibit undesirable partial 
transfer (offset) of the toned image from the ?nal image 
receptor to the fuser surface at temperatures above or beloW 
the optimal fusing temperature, requiring the use of loW 
surface energy materials in the fuser surface or the applica 
tion of fuser oils to prevent offset. Alternatively, various 
lubricants or Waxes have been physically blended into the 
dry toner particles during fabrication to act as release or slip 
agents; hoWever, because these Waxes are not chemically 
bonded to the polymeric binder, they may adversely affect 
triboelectric charging of the toner particle or may migrate 
from the toner particle and contaminate the photoreceptor, 
an intermediate transfer element, the fuser element, or other 
surfaces critical to the electrophotographic process. 

In addition to the polymeric binder and the visual 
enhancement additive, liquid toner compositions can option 
ally include other additives. For example, charge control 
agents can be added to impart an electrostatic charge on the 
toner particles. Dispersing agents can be added to provide 
colloidal stability, to aid ?xing of the image, and to provide 
charged or charging sites for the particle surface. Dispersing 
agents are commonly added to liquid toner compositions 
because toner particle concentrations are high (inter-particle 
distances are small) and electrical double-layer effects alone 
Will not adequately stabiliZe the dispersion With respect to 
aggregation or agglomeration. Release agents can also be 
used in the toner to help prevent the toner from sticking to 
fuser rolls When those are used. Other additives include 
antioxidants, ultraviolet stabilizers, antistatic agents, 
fungicides, bactericides, ?oW control agents, and the like. 
One fabrication technique used in the manufacture of 

toners involves synthesiZing an amphipathic copolymeric 
binder dispersed in a liquid carrier to form an organosol, 
then mixing the formed organosol With other ingredients to 
form a liquid toner composition. Typically, organosols are 
synthesiZed by nonaqueous dispersion polymeriZation of 
polymeriZable compounds (e.g., monomers) to form copoly 
meric binder particles that are dispersed in a loW dielectric 
hydrocarbon solvent (carrier liquid). These dispersed 
copolymer particles are sterically-stabiliZed With respect to 
aggregation by chemical bonding of a steric stabiliZer (e.g., 
graft stabiliZer), solvated by the carrier liquid, to the dis 
persed core particles as they are formed in the polymeriZa 
tion. Details of the mechanism of such steric stabiliZation are 
described in Napper, D. H., “Polymeric Stabilization of 
Colloidal Dispersions,” Academic Press, NeW York, NY, 
1983. Procedures for synthesiZing self-stable organosols are 
described in “Dispersion PolymeriZation in Organic Media,” 
K. E. J. Barrett, ed., John Wiley: NeW York, NY, 1975. 

Liquid toner compositions have been manufactured using 
dispersion polymeriZation in loW polarity, loW dielectric 
constant carrier solvents for use in making relatively loW 
glass transition temperature (Tg§30° C.) ?lm-forming liq 
uid toners that undergo rapid self-?xing in the electropho 
tographic imaging process. See, for example, US. Pat. Nos. 
5,886,067 and 6,103,781. Organosols have also been pre 
pared for use in making intermediate glass transition tem 
perature (Tg betWeen 30—55° C.) liquid electrostatic toners 
for use in electrostatic stylus printers. See, for example, US. 
Pat. No. 6,255,363 B1. A representative non-aqueous dis 
persion polymeriZation method for forming an organosol is 
a free radical polymeriZation carried out When one or more 
ethylenically-unsaturated monomers, soluble in a hydrocar 
bon medium, are polymeriZed in the presence of a 
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preformed, polymeriZable solution polymer (eg a graft 
stabilizer or “living” polymer). See U.S. Pat. No. 6,255,363. 

Once the organosol has been formed, one or more addi 
tives can be incorporated, as desired. For example, one or 
more visual enhancement additives and/or charge control 
agents can be incorporated. The composition can then sub 
jected to one or more mixing processes, such as 
homogeniZation, micro?uidiZation, ball-milling, attritor 
milling, high energy bead (sand) milling, basket milling or 
other techniques knoWn in the art to reduce particle siZe in 
a dispersion. The mixing process acts to break doWn aggre 
gated visual enhancement additive particles, When present, 
into primary particles (having a diameter in the range of 
about 0.05 to 1.0 microns) and may also partially shred the 
dispersed copolymeric binder into fragments that can asso 
ciate With the surface of the visual enhancement additive. 

According to this embodiment, the dispersed copolymer 
or fragments derived from the copolymer then associate With 
the visual enhancement additive, for example, by adsorbing 
to or adhering to the surface of the visual enhancement 
additive, thereby forming toner particles. The result is a 
sterically-stabiliZed, nonaqueous dispersion of toner par 
ticles having a siZe in the range of about 0.1 to 2.0 microns, 
With typical toner particle diameters in the range 0.1 to 0.5 
microns. In some embodiments, one or more charge control 
agents can be added after mixing, if desired. 

Several characteristics of liquid toner compositions are 
important to provide high quality images. Toner particle siZe 
and charge characteristics are especially important to form 
high quality images With good resolution. Further, rapid 
self-?xing of the toner particles is an important requirement 
for some liquid electrophotographic printing applications, 
e.g., to avoid printing defects (such as smearing or trailing 
edge tailing) and incomplete transfer in high-speed printing. 
Another important consideration in formulating a liquid 
toner composition relates to the durability and archivability 
of the image on the ?nal receptor. Erasure resistance, e.g., 
resistance to removal or damage of the toned image by 
abrasion, particularly by abrasion from natural or synthetic 
rubber erasers commonly used to remove extraneous pencil 
or pen markings, is a desirable characteristic of liquid toner 
particles. 

Another important consideration in formulating a liquid 
toner is the tack of the image on the ?nal receptor. It is 
desirable for the image on the ?nal receptor to be essentially 
tack-free over a fairly Wide range of temperatures. If the 
image has a residual tack, then the image can become 
embossed or picked off When placed in contact With another 
surface (also referred to as blocking). This is particularly a 
problem When printed sheets are placed in a stack. Resis 
tance of the image on the ?nal image receptor to damage by 
blocking to the receptor (or to other toned surfaces) is 
another desirable characteristic of liquid toner particles. 

To address some of these concerns, a ?lm laminate or 
protective layer may be placed over the surface of the image. 
This laminate often acts to increase the effective dot gain of 
the image, thereby interfering With the accuracy of the color 
rendition of a color composite. In addition, lamination of a 
protective layer over a ?nal image surface adds both extra 
cost of materials and extra process steps to apply the 
protective layer, and may be unacceptable for certain print 
ing applications (e.g., plain paper copying or printing). 

Various methods have been used to address the draWbacks 
caused by lamination. For example, approaches have 
employed radiation or catalytic curing methods to cure or 
crosslink the liquid toner after the development step in order 
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6 
to eliminate tack. Such curing processes are generally too 
sloW for use in high speed printing processes. In addition, 
such curing methods can add signi?cantly to the expense of 
the printing process. The curable liquid toners frequently 
exhibit poor self stability and crosslinking can result in 
brittleness of the printed ink. 

Another method to improve the durability of liquid toned 
images and address the draWbacks of lamination is described 
in U.S. Pat. No. 6,103,781. This Patent describes a liquid ink 
composition containing organosols having side-chain or 
main-chain of crystalliZable polymeric moieties. At column 
6, lines 53—60, the authors describe a binder resin that is an 
amphipathic copolymer dispersed in a liquid carrier (also 
knoWn as an organosol) that includes a high molecular 
Weight (co)polymeric steric stabiliZer covalently bonded to 
an insoluble, thermoplastic (co)polymeric core. The steric 
stabiliZer includes a crystalliZable polymeric moiety that is 
capable of independently and reversibly crystalliZing at or 
above room temperature (22° C.). According to the authors, 
superior stability of the dispersed toner particles With respect 
to aggregation is obtained When at least one of the polymers 
or copolymers (denoted as the stabiliZer) is an amphipathic 
substance containing at least one oligomeric or polymeric 
component having a Weight-average molecular Weight of at 
least 5,000 Which is solvated by the liquid carrier. In other 
Words, the selected stabiliZer, if present as an independent 
molecule, Would have some ?nite solubility in the liquid 
carrier. Generally, this requirement is met if the absolute 
difference in Hildebrand solubility parameters betWeen the 
steric stabiliZer and the solvent is less than or equal to 3.0 
MPal/z. 
As described in U.S. Pat. No. 6,103,781, the composition 

of the insoluble resin core is preferentially manipulated such 
that the organosol exhibits an effective glass transition 
temperature (Tg) of less than 22° C., more preferably less 
than 6° C. Controlling the glass transition temperature 
alloWs one to formulate an ink composition containing the 
resin as a major component so that the ink Will undergo rapid 
?lm formation (rapid self-?xing) in liquid electrophoto 
graphic printing or imaging processes using offset transfer 
processes carried out at temperatures greater than the core 
Tg, preferably at or above 22° C. (Column 10, lines 36—46). 
The presence of the crystalliZable polymeric moiety that is 
capable of independently and reversibly crystalliZing at or 
above room temperature (22° C.) acts to protect the soft, 
tacky, loW Tg insoluble resin core after fusing to the ?nal 
image receptor. This acts to improve the blocking problem 
and erasure resistance of the fused, toned image at tempera 
tures up to the crystalliZation temperature (melting point) of 
the crystalliZable polymeric moiety. 

In attempting to address tack of the image on a ?nal 
receptor, one must also consider ?lm strength and image 
integrity. As described in U.S. Pat. No. 6,103,781, for liquid 
electrophotographic toners (particularly liquid toners devel 
oped for use in offset transfer processes), the composition of 
the insoluble resin core is preferentially manipulated such 
that the organosol exhibits an effective glass transition 
temperature (Tg) of less than 22° C., and more preferably 
less than 6° C. Controlling the glass transition temperature 
alloWs one to formulate an ink composition containing the 
resin as a major component so that it Will undergo rapid ?lm 
formation (rapid self-?xing) in printing or imaging pro 
cesses carried out at temperatures at least the core Tg, 
preferably at or above 22° C. (Column 10, lines 36—46). 
As can be seen from the preceding, liquid toners are 

inherently more complex than dry toners to formulate. After 
each iteration or formulation, the toners must be tested, or 
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screened, to see hoW the changes affect actual printing and 
hoW Well the changed toner Will Work in an actual printing 
device. When an electrophotographic system uses dry toner, 
the measurements of various toner properties can be taken 
(With multiple testers) and a direct correlation can be 
inferred to indicate if the toner Will perform satisfactorily or 
not. In liquid electrophotography, the number and interre 
lationship of the variables is extremely complex. As a result, 
the current liquid toner screening processes require labor 
intensive and time-intensive printing of each liquid toner to 
be tested on a prototype printing device to determine 
Whether or not a toner Will be satisfactory. 

A simple screening technique is needed for matching the 
liquid toner With suitable receptors or vice verse to ensure 
the print quality from the toner. Furthermore, a liquid toner 
tends to age and changes its printing performance. A rapid, 
simple screening technique is needed for quality control to 
determine if a papery-looking image is due to toner change 
or receptor property change. 
A liquid toner that transfers satisfactorily through a print 

ing device may still fail upon ?nal transfer to the ?nal image 
receptor (Which may be paper, overhead projection ?lm, 
etc.). As a result, the current liquid toner screening processes 
require labor-intensive and time-intensive printing of each 
liquid toner to be tested on a prototype printing device using 
different ?nal receptors to determine Whether or not a toner 
Will be satisfactory. Testing in this Way is very inefficient and 
time-consuming because for each test, the toner to be tested 
must be poured into the toner cartridge for use. Each test is 
only minutes long, but once the test is complete, the car 
tridge must be disassembled and thoroughly cleaned before 
it can be reassembled and ?lled With the neW toner. 

The inclusion of ?nal receptors of various thicknesses and 
textures may also be dif?cult because prototype machines 
are typically not designed to handle a Wide variety of 
materials. Therefore, in order to test various receptors, the 
prototype machine must frequently be physically modi?ed 
or rebuilt to accommodate, again resulting in time lost. 

SUMMARY OF THE INVENTION 

Atesting procedure and method is provided for assessing 
the quality or acceptability of performance of individual 
liquid ink electrostatic toners on individual receptor sur 
faces. Rather then performing an actual run of an electro 
static imaging device With the individual toner and the 
individual receptor, a separate apparatus and method that 
does not use electrostatic imaging is used to test the inter 
related properties of the toner and the receptor under repro 
ducible conditions. An approximately standard drop of the 
individual liquid toner is placed on the receptor to be tested. 
The drop is pressed onto the receptor and spread on the 
surface of the receptor (preferably before the drop has had 
time to partially evaporate or to have the liquid in the drop 
absorb or naturally spread on the receptor surface) under 
controlled conditions. Various characteristics of the spread 
drop on the receptor surface are measured, and the charac 
teristics are compared to parameters de?ning the character 
istics expected from a liquid toner that de?ne acceptable 
performance betWeen toner and receptor. In this manner the 
relative performance of individual toners on individual 
receptor surfaces can be evaluated independent of electro 
static effects. This independent evaluation can be important 
as the electrostatic effects bring another parameter of per 
formance into evaluation of the compatibility of the toner 
and receptor and can misdirect research for adjusting their 
compatibility. 
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BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shoWs a simpli?ed side vieW of the basic elements 
of a screening apparatus that may be used in practicing a 
method according to the present invention. 

FIG. 2 shoWs a simpli?ed side vieW of elements of a 
modi?ed, mechaniZed screening apparatus that may be used 
in practicing a method according to the present invention. 

FIGS. 3a—3e shoW examples of elliptical image patterns 
obtained using the method and various receptors. 

FIG. 4 shoWs the gray area Where some receptors might 
Work With certain liquid toners. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing De?nitions are used in the description and 
practice of the present invention: 

“Percent solids” means the ratio of solid toner particles to 
the total toner liquid. It is determined by Weighing a quantity 
of liquid toner, drying the carrier from the solid portion and 
re-Weighing the solid portion. The second Weight divided by 
the ?rst Weight is the “percentage solids” or “percent solids.” 

“Receptor materials” means a receptor having a printing 
surface and encompasses both the speci?c receptor, the 
composition on the printing surface, and the physical prop 
erties (e.g., smoothness, hydrophilicity, porosity, etc.) of that 
surface. 

“Transfer efficiency” means the percentage of the toner 
image that is transferred from a photoreceptor as compared 
to the total amount of liquid toner in the total image that Was 
plated on the photoreceptor in a liquid electrophotographic 
system. That is, the transfer ef?ciency comprises the amount 
of liquid toner actually transferred to an electrostatic image 
from a photoreceptor divided by the total amount of liquid 
toner that Was available Within the area of the electrostatic 
image, An excellent transfer ef?ciency is >96% (less than 
4% of the original toner available Within the image area 
remaining on printer elements). 

This invention is a method of testing the interaction 
betWeen liquid toner and various types of receptor materials, 
such as paper, coated paper, treated paper, metalliZed 
surfaces, synthetic polymer surfaces, natural polymer 
surfaces, and the like, preferably in the absence of any 
electrostatic forces. It has been determined that both the 
composition and texture of paper (and other substrates) 
plays a key role in hoW Well a toned image on an interme 
diate transfer member, ?nal transfer member or photorecep 
tor transfers to that paper as a ?nal substrate. In formulating 
liquid toners, it is necessary to take into account the effect 
of the substrate, and especially paper as the substrate on the 
process of liquid electrophotographic printing. The method 
of the invention may be practiced With or Without the 
mechaniZed (motor driven) apparatus. 
The invention comprises an apparatus and method for the 

screening of individual liquid toners and individual toner 
receptor materials for the purpose of determining hoW Well 
they Will perform in electrophotographic devices. A typical 
method comprises providing a receptor material to be tested, 
the receptor having a plurality of edges, and the receptor 
material having dimensions of Width and length and having 
a ?rst end de?ned by one edge and a second end de?ned by 
a second edge opposite the one edge, the distance betWeen 
the one edge and the second edge de?ning the length of the 
receptor material to be tested. The receptor material is 
placed on a ?rm, substantially horiZontal, planar supporting 
surface. At least one individual liquid toner to be tested is 



US 6,796,197 B1 

provided. One drop of the at least one individual liquid toner 
is placed near the one end of the receptor material. A 
compliant roller having a surface is rotated around its axis 
along the length of the receptor, starting at the ?rst end, 
rolling the surface of the compliant roller over the drop of 
liquid toner, and stopping rotation of the compliant roller 
after the drop has been spread onto the receptor material. 
This forms an elliptical pattern of toner on the receptor. The 
characteristics of the elliptical toner pattern is analyZed 
according to standards identifying relationships of liquid 
toner properties With respect to the receptor material. The 
rotational movement of the complaint roller may be driven 
by at least one of movement of the roller or movement of the 
rigid surface. The elliptical toner pattern may be analyZed at 
least by comparing an area of the elliptical pattern to the 
volume of the drop. For example, the elliptical toner pattern 
may be analyZed by repeating each test at least three times 
and averaging the areas of the elliptical pattern from the at 
least three tests. It is preferred that the drop has a standard 
volume of from 0.008 to 0.032 cm3. The standards identi 
fying relationships of liquid toner properties With respect to 
the receptor material are preferably provided in a look-up 
table, although individuals may be trained for more quali 
tative visual inspections. The standards identifying relation 
ships of liquid toner properties With respect to the receptor 
material may thus provided in a series of images. It is helpful 
to have grid marks visible on the receptor material to assist 
in de?ning or visualiZing dimensions on the drop after it has 
been spread. The drop, after it has been spread, can be read 
by a sensor (e.g., scanner, digital or analog imaging system) 
and the read drop is quantitatively compared to data 
(including images) in a look-up table. The method may be 
practiced Wherein the drop, after it has been spread, is read 
by a sensor and the read drop is quantitatively compared to 
data in a look-up table using dimensions related to the grid 
marks in a quantitative comparison. The standards, for 
example, may include at least one characteristic selected 
from the group consisting of relative length of a spread drop, 
relative length/Width dimensions of the spread drop, varia 
tion in optical density along the length and/or Width of the 
spread drop, and transfer efficiency. 

FIG. 1 shoWs the basic hardWare requirements for com 
pleting the test. The receptor to be tested 6 is selected and 
placed on a ?rm support, such as a table, base or platen 8 
(also called herein, When a separate component, a “translat 
ing platen”). By “?rm” it is meant that the pressure placed 
on the support (the substrate) during the process Will not 
deform the vertical dimension of the substrate (and if there 
is a coating layer on the substrate, not deform the coating 
layer) sufficiently to have more than a 2% variation in drop 
spreading siZe as compared to a rigid (e.g., steel sheet) 
substrate. Clips, guide frames, vacuum or adhesive (not 
shoWn) may optionally be used to ensure that the paper does 
not slide aWay or move during the test. One drop of the 
liquid toner to be tested 4 is placed on one end of the 
receptor 6. The drop volume of each drop is about 0.0166 
cm3(+/—0.0016 cm3) or above 0008 ml (betWeen 0.008 and 
0.032 ml). Drop siZe may vary betWeen and among tests 
betWeen different liquid toners, but that is part of the testing 
process, as variations in viscosity Will affect both drop siZe 
and spread rates. Within a test for a speci?c liquid toner, it 
is preferred that drop siZes be as uniform as possible. This 
can be effected With a pipette or another accurate drop 
metering system. It is to be noted that these drops are much 
greater in siZe than droplets that are ordinarily deposited 
during a liquid toner electrophotographic ink process, 
bubble jet process or inkjet process. A compliant roller 10 is 
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10 
provided, having an axis 14 that is sufficiently longer than 
the roller 10 to be able to grasp the axis and rotate the 
circumference of the roller along a surface. The compliant 
roller also has a compliant material 2 that is formed in a 
circumference around the axis 14, the compliant material 
being made of one or many compliant layers or blends of 
polymers or materials, such as elastomers, composites, 
layered materials, polymer coated materials, polymer satu 
rated papers, foams, and the like. A preferred hardness for 
the compliant roller is betWeen 20—50 Shore A durometer 
hardness, although broader ranges can be readily using for 
the surface conformity characteristics of this component. 
The compliant roller 10, immediately upon placement of the 
liquid toner 4 on the receptor 6, is rotated by its axis 14 over 
the applied toner drop 4, along the paper 6, as shoWn by 
arroW 12, creating an oval spread (shoWn in FIGS. 3a—3c). 
By “immediately” is meant that there should not be passage 
of time suf?cient to alloW signi?cant amounts (e.g., 5% or 
more) of carrier liquid to evaporate from the drop or to alloW 
the carrier liquid to Wick into the surface on Which it has 
been deposited. The rotation of the compliant roller 10 is 
?nished When the roller reaches the end of a de?ned path of 
movement, such as the end of the receptor 6, or When the 
compliant roller 10 is ?nished creating the oval spread. The 
roller should not be in contact With the end of the oval spread 
When the roller is stopped. The rate at Which the compliant 
roller travels the length of the paper may reasonably range 
from 2—10 inches/second (5 .1—25 .4 cm/sec). It is relatively 
important that the speed at Which the compliant roller 10 
travels the length of the receptor 6 be consistent during the 
spread and betWeen test samples. 

Those skilled in the mechanical arts Will knoW that many 
of the method steps may be mechaniZed or poWer driven. 
FIG. 2 shoWs an example of one Way to design a simple 
device to automate the movement of the tester. 

In FIG. 2, the compliant roller 44 is held stationary, While 
the rigid platen 48 travels horiZontally 36. The compliant 
roller 44 maintains intimate contact With the rigid platen 48 
and the ?nal receptor 50 throughout the duration of the test. 
Aframe 40, 34, and 56 may be used to help the compliant 

roller 44 and the rigid platen 48 Work together. Because the 
compliant roller 44 must maintain intimate, moveable con 
tact With the platen 48 and/or the ?nal substrate 50 thereon, 
it is necessary to support the compliant roller 44 by its axis 
46, Which is typically a metal rod, but Which may be any 
rigid material. One skilled in the art Would knoW to use the 
radius of the compliant roller 44 to determine the distance 
needed betWeen the axis 46 of the compliant roller 44 and 
the platen 48. Alternatively, the compliant roller can be 
spring-loaded against the platen and the force of loading 
may be adjusted by adjusting the spring constant of the 
springs. In this embodiment, the axis 46 extends through 
compliant roller support 40 to support the compliant roller 
44, assuring intimate contact With the platen 48. Depending 
on the siZe and Weight of the compliant roller, it may be 
necessary for the compliant roller support 40 to either bear 
some of the compliant roller’s 44 Weight to avoid excessive 
force or to apply force by forcing the compliant roller 44 into 
more intimate contact With the platen 48. 
The frame 40, 34, and 56 may also be used to stabiliZe and 

mobiliZe the platen 48. In this embodiment shoWn in FIG. 2, 
the platen 48 rides on bearings 56 along tracks 34 (the part 
of the platen 48 that is behind a track 34 is shoWn by dashed 
lines). The direction the platen 48 Will move for testing is 
shoWn by arroW 36. The compliant roller 44 in intimate 
contact With the platen 48 Will simultaneously rotate in the 
direction indicated by arroW 42 such that the surface veloc 
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ity of the compliant roller 44 is equal to the surface velocity 
of the rigid platen 48. 

There are many mechanized means of ensuring smooth 
horiZontal platen 48 movement, including for example: the 
use of a lead screW, linear motors, stepping motors, pneu 
matic motors, magnetic drives, stabilizing systems, multiple 
bearing supports, and the like. These are shoWn in FIG. 2 as 
a generic motor 54 that is connected to and can move the 
platen 48 by a horiZontal drive shaft 52. The motor 54 may 
be connected 20 to a simple on/off sWitch 22, or it may be 
controlled by a computer, or other automatic device (not 
shoWn). 

FIGS. 3a—3e shoW different transfer patterns obtained 
from using different liquid toners and different ?nal recep 
tors. The examples beloW discuss the test method and the 
corresponding ?gures. 

EXAMPLES 

In the folloWing examples, the area of the elliptical image 
is estimated by measuring the Width W and the length d of 
the spread. The area of an oval (ellipse) is %(J'|§Wd). For an 
arbitrary comparison unit, We can skip the constant l?w'c and 
represent the ‘area’ by Wd, using identical units of dimension 
(e.g., cm, betWeen comparisons and betWeen any standard 
and a test). 

In the folloWing examples, a single liquid toner Was used. 
A small Te?on pipette capable of delivering approximately 
0.0166 cm3 of liquid toner per drop Was used for the testing. 
The platform speed Was set at 3 inches per second. 

Referring to FIG. 2, the receptor 50 is positioned on the 
platen 48 so that the compliant roller 44 is resting on one 
edge of the receptor 50. One drop of liquid toner 38 is placed 
on the receptor just in front of the path of the compliant 
roller 44. In this embodiment, the platen 48 moves and 
causes the compliant roller 48 to rotate 42 over the surface 
of the platen, the axel of the compliant roller remaining 
?xed. It is equally useful to have the roller driven or moved 
over the surface of a stationary or moving platen. The one 
toner drop 38 is ?attened under the Weight of the roller 44 
and smeared under the controlled movement and conditions 
of the device on the receptor 50 to generate an elliptical 
image on the receptor 50. The motor 54 is pre-programmed 
to stop the platen 48 once the compliant roller 44 reaches the 
end of the path or the end of the platen 48 and/or receptor 
50. The receptor 50 is removed from the testing device, and 
the image is ?xed to the receptor 50, usually through heat. 
After ?xation the image is examined and measured. 

FIG. 3a shoWs an elliptical image generated on Laser 
1000 paper made by Georgia Paci?c Papers, Atlanta, Ga. 
The Width “W” of the image is 2.8 cm and the length “d” of 
the image is 8.1 cm. Using W><d, the Area “A” of the image 
is 22.68 cm2. 

FIG. 3b shoWs an elliptical image generated on a receptor 
that Was also Laser 1000 paper, but in this example, the 
paper Was coated With a Wax polish that alters the oleophilic 
properties of the paper. In this example, the Wax-coated 
paper Was made by rubbing a paraf?n Wax block against the 
surface of standard paper. The Wax surface Was polished 
smooth With a piece of cotton cloth. The dimensions Were 
W=3.6 cm, d>13.5 cm, and A>48.6 cm2. The image length 
Was truncated by the short traveling distance of the platform. 

FIG. 3c shoWs an elliptical image generated on photo 
quality paper made by Imation Corp. Oakdale, Minn. The 
dimensions Were W=3.45 cm, d=12.1 cm, and A=41.75 cm2. 

FIG. 3a' shoWs an elliptical image generated on the Laser 
1000 paper that had been pre-soaked With the carrier liquid 
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12 
used in the liquid toner. The dimensions Were W=3.9 cm, 
d>13.5 cm, and A>52.6 cm2. The image length Was trun 
cated by the short traveling distance of the platform. 

FIG. 36 shoWs an elliptical image generated on regular 
bond paper, such as SpectrumTM DP copier paper 
(manufactured by Georgia-Paci?c). The dimensions Were 
W=2.6 cm, d=6 cm, and A=15.6 cm2. 

The same ink Was then printed in a prototype printer on 
the same receptors as listed above. For the receptors in 
FIGS. 3b, 3c, and 3d, the toner transferred uniformly Well. 
For receptors in FIGS. 3a and 36, the toner did not transfer 
uniformly. These examples shoW that a toner/receptor com 
bination that creates an elliptical image With an Area greater 
than 41 cm2 Will also Work together effectively in a liquid 
electrophotographic printer. This is shoWn in FIG. 4. There 
is a “gray area” Where some receptors might Work With 
certain liquid toners, even if the elliptical image pattern is 
loW. 

Example 2 

Liquid toners of varying compositions Will be absorbed 
into different receptors at different rates. The rate at Which 
a toned image loses impregnated carrier liquid to absorption 
by the receptor Will affect the transfer efficiency of the 
image. The screening apparatus can also determine hoW 
rapidly the liquid carrier Will be absorbed from a plated 
image. 

First, the average drop volume Was measured for each 
toner. Then the toner Was dropped on the receptor as 
described above for spreading. Each test Was run at a platen 
speed of 3 inches per second (7.6 cm/sec.). Each resulting 
image Was fused and the test Was repeated four times 
(providing ?ve total runs). Repeating the test at least three 
times is desirable. For each test, the area of the ellipse Was 
calculated and the average of all ?ve areas obtained. By 
computing the ratio of the average drop Weight and the 
average area, an “absorption” ?gure Was reached (in 
mg/cm2). Rapid absorption of carrier liquid from toner into 
the receptor is one indication that the transfer ef?ciency of 
the toner in a printer to that speci?c receptor Will be loW. An 
alternative test is to have the drop remain on the receptor 
surface for a speci?c amount of time (e.g., 5, 10, 15, 20, 30 
seconds or one minute) at standard conditions (e. g., standard 
temperature, standard pressure and 50% RH) and then 
perform the spreading test. This controlled time parameter 
Will emphasiZe effects of absorption of the carrier liquid into 
the receptor. 

All tests should be compared to a standard of results. The 
standard may be visual images or a look-up table. The 
look-up table may be a physical look-up table (having 
images of measurements With Which the tests should 
comply) or can be an electronic look-up table, With spread 
results electronically imaged and compared to the look-up 
table. It is also possible to print a grid onto the receptor 
surface to assist in taking measurements, the material from 
the printed grid image being very small and thin and of a 
material that Will not greatly impact the absorption and 
spreading of the liquid toner on the surface of the receptor. 
Alternatively a pattern may be printed on the backside of the 
receptor that Will shoW through the receptor to provide the 
pattern. 
Many optional variations may be performed on the pro 

cess and apparatus of the present invention and remain 
Within the broad concepts of the invention taught herein and 
claimed in this Patent. 
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What is claimed is: 
1. A method of screening individual liquid toners for 

electrophotographic printing devices and receptor material 
With respect to the hoW Well the individual liquid toners 
Work With the receptor materials, comprising the steps of: 

providing a receptor material to be tested, the receptor 
having a plurality of edges, and the receptor material 
having dimensions of Width and length and having a 
?rst end de?ned by one edge and a second end de?ned 
by a second edge opposite the one edge, the distance 
betWeen the one edge and the second edge de?ning the 
length of the receptor material to be tested; 

placing the receptor material on a ?rm, substantially 
horiZontal, planar supporting surface; 

providing at least one individual liquid toner to be tested; 

placing one drop of the at least one individual liquid toner 
near the one end of the receptor material; 

rotating a compliant roller having a surface around its aXis 
along the length of the receptor, starting at the ?rst end, 
rolling the surface of the compliant roller over the drop 
of liquid toner, and stopping rotation of the compliant 
roller after the drop has been spread onto the receptor 
material to form an elliptical pattern of toner on the 
receptor; and 

analyZing the characteristics of the elliptical toner pattern 
according to standards identifying relationships of liq 
uid toner properties With respect to the receptor mate 
rial. 

2. The method of claim 1 Wherein the rotational move 
ment of the complaint roller is driven by at least one of 
movement of the roller or movement of the rigid surface. 
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3. The method of claim 1 Wherein the elliptical toner 

pattern is analyZed at least by comparing an area of the 
elliptical pattern to the volume of the drop. 

4. The method of claim 1 Wherein the elliptical toner 
pattern is analyZed by repeating each test at least three times 
and averaging the areas of the elliptical pattern from the at 
least three tests. 

5. The method of claim 1 Wherein the drop has a volume 
of from 0.008 to 0.032 cm3. 

6. The method of claim 1 Wherein the standards identi 
fying relationships of liquid toner properties With respect to 
the receptor material are provided in a look-up table. 

7. The method of claim 1 Wherein the standards identi 
fying relationships of liquid toner properties With respect to 
the receptor material are provided in a series of images. 

8. The method of claim 1 Wherein grid marks are visible 
on the receptor material to assist in de?ning or visualiZing 
dimensions on the drop after it has been spread. 

9. The method of claim 1 Wherein the drop after it has 
been spread is read by a sensor and the read drop is 
quantitatively compared to data in a look-up table. 

10. The method of claim 8 Wherein the drop after it has 
been spread is read by a sensor and the read drop is 
quantitatively compared to data in a look-up table using 
dimensions related to the grid marks in a quantitative 
comparison. 

11. The method of claim 1 Wherein the standards include 
at least one characteristic selected from the group consisting 
of relative length of a spread drop, relative length/Width 
dimensions of the spread drop, variation in optical density 
along the length and/or Width of the spread drop, and 
transfer efficiency. 


